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The title compound, Q9H23N3S, is a functionalized triazoline- 
3-thione derivative. The benzyl ring is almost normal to the 
planar 1,2,4-triazole ring (r.m.s. deviation = 0.007 A) with a 
dihedral angle of 86.90 (7)°. In the crystal, molecules are 
linked by pairs of N— H- ■ S hydrogen bonds, forming 
inversion dimers that enclose i?|(8) loops. The crystal packing 
is further stabilized by weak C— H- ■ -it interactions that link 
adjacent dimeric units into supramolecular chains extending 
along the fl-axis direction. 

Related literature 

For the biological activity of adamantane derivatives, see: 
Lorenzo et al. (2008); Al-Deeb et al. (2006); Wang et al. (2013); 
El-Emam et al. (2004); Kadi et al. (2010); Balzarini et al. 
(2009); Protopopova et al. (2005); Vernier et al. (1969). For 
related adamantyl-l,2,4-triazole structures, see: El-Emam et 
al. (2012), Al-Tamimi et al. (2013). For the synthesis of the title 
compound, see El-Emam & Ibrahim (1991). For hydrogen- 
bond motifs, see: Bernstein et al. (1995). 




Experimental 

Crystal data 

C 19 H 23 N 3 S 
M, = 325.46 
Triclinic, PI 
a = 7.6407 (4) A 
b = 10.5150 (5) A 
c = 12.3434 (5) A 
a = 67.1806 (13)° 
P = 72.9688 (13)° 

Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
r mi „ = 0.891, r max = 0.937 

Refinement 

R[F 2 > 2a(F 2 )] = 0.046 

wR(F 2 ) = 0.127 

S = 1.08 

5166 reflections 

212 parameters 



y = 70.0695 (14)° 
V = 844.42 (7) A 3 
Z = 2 

Mo Ka radiation 
ji = 0.20 mm -1 
T = 293 K 

0.60 x 0.48 x 0.34 mm 



43581 measured reflections 
5166 independent reflections 
4651 reflections with / > 2a(I) 
R iM = 0.029 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.31 e A" 3 

Ap min = -0.56 e A" 3 



Table 1 

Hydrogen-bond geometry (A, °). 

Cgl is the centroid of the N1-N3/C8/C9 triazole ring. 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


N2-H1JV2- ■ -Si' 


0.85 (2) 


2.44 (2) 


3.2753 (11) 


169.1 (18) 


C19-H19B- ■ -Cgl" 


0.97 


2.85 


3.7885 (17) 


141 


Symmetry codes: (i) — x - 


h2,-y + l,- 


-S + l;(n)x- 


l,y,z. 





Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL and PLATON (Spek, 2009). 
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3-(Adamantan-1 -yl)-4-benzyl-1 H-1 ,2,4-triazole-5(4H)-thione 

Fatmah A. M. Al-Omary, Hazem A. Ghabbour, Ali A. El-Emam, C. S. Chidan Kumar and Hoong- 
Kun Fun 

1 . Comment 

Adamantane derivatives have long been known for their diverse biological activities (Lorenzo et ah, 2008; Al-Deeb et ah, 
2006; Wang et ah, 2013). These also include antiviral activity against influenza (Vernier et ah, 1969) and HIV viruses (El- 
Emam et al, 2004; Balzarini et ah, 2009). In addition, adamantane derivative were recently reported to exhibit marked 
antibacterial activity (Kadi et al, 2010; Protopopova et ah, 2005). In an earlier publication, we reported the synthesis and 
potent anti-inflammatory of a series of 5-(l-adamantyl)-4-substituted-4H-l,2,4-triazole-3-thiols and related derivatives 
including the title compound (El-Emam & Ibrahim, 1991). 

In the title compound (Fig. 1), the 1,2,4-triazole (Nl — N3/C8/C9) ring is nearly planar with a maximum deviation of 
-0.007 (1) A at atom N2. The central 1,2,4-triazole ring forms dihedral angles of 86.90 (7)° and 69 (4)° with the adjacent 
phenyl (C1-C6) and adamantyl (C10-C19) substituents attached at the 4- and 5-positions, respectively. The attached 
phenyl ring is almost perpendicular to the plane of the triazole which is evident from the C9-N1-C7-C6 torsion angle of 
-95.63 (12)°. In the crystal packing (Fig. 2), centrosymmetric dimeric aggregates are formed by pairs of N2 — H1N2—S1 
hydrogen bonds resulting in an 7? 2 2 (8) ring motif (Bernstein et ah, 1995). These are connected into supramolecular chains 
extending along the a axis direction via weak intramolecular C-H - -^(triazole) interactions (Table 1). 

2. Experimental 

Amixture of adamantane- 1 -carbohydrazide (1.94 g, 0.01 mol), benzyl isothiocyanate (1.49 g, 0.01 mol), in ethanol (10 
ml) was heated under reflux with stirring for one hour and the solvent was distilled off in vacuo. Aqueous sodium 
hydroxide solution (10%, 15 ml) was added to the residue and the mixture was heated under reflux for 2 h. then filtered 
hot. On cooling, the mixture was acidified with hydrochloric acid and the precipitated crude product was filtered, washed 
with water, dried and crystallized from aqueous ethanol to yield 2.93 g (90%) of the title compound (C19H23N3S) as 
colorless crystals. M R: 241-243 °C. 

>H NMR (CDCI3, 700.17 MHz): S 1.64-1.69 (m, 6H, Adamantane-H), 1.90 (s, 6H, Adamantane-H), 2.20 (s, 3H, 
Adamantane-H), 5.53 (s, 2H, CH 2 ), 7.04-7.63 (s, 5H, Ar— H), 11.55 (br. s, 1H, NH). 13 C NMR (CDC1 3 , 176.08 MHz): 8 
28.51, 35.66, 36.86, 39.08 (Adamantane-C), 63.56 (CH 2 ), 121.25, 123.0, 124.27, 130.54 (Ar— C), 154.06 (ON), 164.41 
(OS). 

3. Refinement 

The nitrogen-bound H-atom was located in a difference Fourier map and was refined freely. Other H atoms were 
positioned geometrically (OH 0.93-0.98 A) and refined using a riding model with t/ is0 (H) = 1.2 U eq (C) or 1.5 U eq (C) for 
methyl H atoms. A rotating group model was used for the methyl group. 
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Figure 1 

The molecular structure of the title compound with atom labels and 50% probability displacement ellipsoids. 
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Figure 2 

Crystal packing of the title compound, showing the hydrogen bonding interactions as dashed lines. H-atoms not involved 
in the hydrogen bonding are omitted for clarity. 



3-(Adamantan-1-yl)-4-benzyl-1H-1,2,4-triazole-5(4H)-thione 



Crystal data 

C19H23N3S 
M r = 325.46 
Triclinic, PI 
Hall symbol: -P 1 
a = 7.6407 (4) A 
b= 10.5150 (5) A 
c= 12.3434 (5) A 
a = 67.1806 (13)° 
P = 72.9688 (13)° 
7 = 70.0695 (14)° 
V= 844.42 (7) A 3 



2=2 

P(000) = 348 

D x = 1.280 MgirT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 9608 reflections 

0 = 2.9-30.6° 

/u = 0.20 mm-' 

T=293 K 

Block, colourless 

0.60 x 0.48 x 0.34 mm 
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Data collection 

BrukerAPEXII CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Bruker, 2009) 
7^ = 0.891, 7U = 0.937 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

RiF 1 > laiF 1 )] = 0.046 

wR(F 1 ) = 0.127 

S = 1.08 

5166 reflections 

212 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



43581 measured reflections 
5 1 66 independent reflections 
465 1 reflections with I > 2a(I) 
R im = 0.029 

#max = 30.6°, d m i n = 2.2° 

h = -10— »10 
/fc = -15->15 
/ = -17— >17 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = \IW(F 0 2 ) + (0.0747P) 2 + 0.1424P] 

where P = (F B 2 + 2F 2 )/3 
(A/a) max = 0.001 
A/w = 0.31 e A~ 3 
A/j min = -0.56e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a{F 1 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


Tl *ITJ 


SI 


1.05370 (4) 


0.44991 (3) 


0.32578 (3) 


0.03965 (10) 


Nl 


0.70863 (12) 


0.63160 (9) 


0.28216 (7) 


0.02792 (16) 


N2 


0.74865 (14) 


0.58334(11) 


0.45903 (8) 


0.0360 (2) 


N3 


0.57266 (14) 


0.67716 (11) 


0.45231 (8) 


0.0359 (2) 


CI 


0.75626 (15) 


0.49115 (13) 


0.03402 (10) 


0.0363 (2) 


H1A 


0.8142 


0.5555 


-0.0302 


0.044* 


C2 


0.71844(19) 


0.38114(15) 


0.01658 (13) 


0.0471 (3) 


H2A 


0.7512 


0.3719 


-0.0593 


0.057* 


C3 


0.6325 (2) 


0.28550(15) 


0.11137(15) 


0.0522 (3) 


H3A 


0.6073 


0.2118 


0.0995 


0.063* 


C4 


0.5840 (2) 


0.29922 (14) 


0.22381 (14) 


0.0497 (3) 


H4A 


0.5253 


0.2349 


0.2876 


0.060* 


C5 


0.62220 (17) 


0.40876 (12) 


0.24249(10) 


0.0390 (2) 


H5A 


0.5903 


0.4169 


0.3187 


0.047* 


C6 


0.70774 (13) 


0.50549(10) 


0.14754 (8) 


0.02895 (19) 
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0.2524 


0.6667 
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0.2897 


0.046* 


P 1 o 

C18 
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0.42886 (18) 


A A /I OT /I / 1 0\ 
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A O AO /I O / 1 0\ 

0.20848 (12) 


A A /I O O /O \ 
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A A O 1 O 

0.4818 
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A O /I TO 

0.24/9 


A AC 1 * 

0.05 1* 


H18B 


0.5239 


0.9277 


0.1415 


0.051* 


C19 


-0.03504(18) 


0.90065 (16) 


0.29388 (14) 


0.0499 (3) 


H19A 


-0.1464 


0.9712 


0.2654 


0.060* 


H19B 


-0.0728 


0.8153 


0.3493 


0.060* 


H1N2 


0.798 (3) 


0.5628 (19) 


0.5188(16) 


0.056 (5)* 



Atomic displacement parameters (A 2 ) 





U n 


JJ12 


U 3 ' 


U u 






SI 


0.03414(15) 


0.04240 (16) 


0.04517(17) 


0.00090(11) 


-0.01292(11) 


-0.02211 (12) 


Nl 


0.0301 (4) 


0.0295 (4) 


0.0249 (3) 


-0.0049 (3) 


-0.0058 (3) 


-0.0114(3) 


N2 


0.0363 (4) 


0.0423 (5) 


0.0276 (4) 


-0.0032 (4) 


-0.0107 (3) 


-0.0118 (3) 


N3 


0.0351 (4) 


0.0435 (5) 


0.0264 (4) 


-0.0027 (4) 


-0.0068 (3) 


-0.0140 (3) 


CI 


0.0341 (5) 
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A A/I on /o\ 

— u.(J4zy (8) 




a n^i^ 
U.Ujjo ( /) 


n AOO/I 
U.UZV4 (jJ 


A ATOO /OA 

u.u /zy (yj 


A AAOC 

— U.UUSO (jJ 


n AO A A fH\ 

— U.UZ44 ( /) 


A AAOO f Z\ 

U.UUZZ (p) 


C15 


0.0523 (7) 


0.0577 (8) 


0.0418 (6) 


-0.0021 (6) 


-0.0200 (6) 


-0.0058 (6) 


C16 


0.0399 (6) 


0.0473 (6) 


0.0527 (7) 


-0.0034 (5) 


-0.0192 (5) 


-0.0243 (5) 


C17 


0.0377 (5) 


0.0351 (5) 


0.0480 (6) 


-0.0052 (4) 


-0.0136 (4) 


-0.0199 (4) 


C18 


0.0402 (6) 


0.0310(5) 


0.0536 (7) 


-0.0126 (4) 


-0.0123 (5) 


-0.0043 (4) 


C19 


0.0324 (5) 


0.0551 (7) 


0.0610 (8) 


-0.0069 (5) 


-0.0090 (5) 


-0.0207 (6) 



Geometric parameters (A, ") 


SI — C8 


1.6784 (10) 


C10 — C17 


1.5415 (14) 


Nl — C8 


1.3735 (12) 


Cll — C12 


1.5368 (18) 


Nl — C9 


1.3915 (12) 


Cll — H11A 


0.9700 


Nl — C7 


1.4586 (12) 


Cll — HUB 


0.9700 


N2 — C8 


1.3351 (13) 


C12 — C19 


1.517 (2) 


N2 — N3 


1.3732 (13) 


C12 — C13 


1.532 (3) 


N2— H1N2 


0.846 (19) 


C12— H12A 


0.9800 


N3— C9 


1.3065 (12) 


C13— C14 


1.535 (3) 


CI — C2 


1.3876 (16) 


C13 — H13A 


0.9700 


CI — C6 


1.3946 (13) 


C13 — H13B 


0.9700 


CI — HIA 


0.9300 


C14 — C15 


1.525 (2) 


C2 — C3 


1.378 (2) 


C14 — C18 


1.5344 (18) 


C2 — H2A 


0.9300 


s- 1 i a T T t A A 

C14 — H14A 


r\ r\n r\r\ 

0.9800 


C3 — C4 


1.379 (2) 


C15 — C16 


1.520 (2) 


C3 — H3A 


0.9300 


C15 — H15A 


0.9700 


C4 — C5 


1.3929 (17) 


C15 — H15B 


0.9700 


C4— H4A 


0.9300 


C16— C19 


1.5185 (19) 


C5— C6 


1.3840 (15) 


C16— C17 


1.5351 (16) 


C5— H5A 


0.9300 


C16— H16A 


0.9800 


C6— C7 


1.5131 (13) 


C17— H17A 


0.9700 


C7— H7A 


0.9700 


C17— H17B 


0.9700 


C7— H7B 


0.9700 


C18— H18A 


0.9700 


C9— C10 


1.5086(13) 


C18— H18B 


0.9700 


C10— CI 1 


1.5396 (14) 


C19— H19A 


0.9700 


C10— C18 


1.5396 (14) 


C19— H19B 


0.9700 


C8— Nl— C9 


108.06 (8) 


C19— C12— C13 


109.53 (12) 


C8— Nl— C7 


121.22 (8) 


C19— C12— Cll 


109.84(11) 


C9— Nl— C7 


130.71 (8) 


C13— C12— Cll 


109.41 (12) 


C8— N2— N3 


113.41 (9) 


C19— C12— H12A 


109.3 


C8— N2— H1N2 


126.3 (12) 


C13— C12— H12A 


109.3 


N3— N2— H1N2 


119.1 (12) 


Cll— C12— H12A 


109.3 


C9— N3— N2 


104.79 (8) 


C12— C13— C14 


109.13 (10) 


C2— CI— C6 


120.22(11) 


C12— C13— H13A 


109.9 


C2— CI— HIA 


119.9 


C14— C13— H13A 


109.9 
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supporting information 



p c rii TT 1 A 

Co — LI — HI A 


1 1 A A 

119.9 


C3 — C2 — CI 


1 1 C / 1 1 \ 

120.15 (11) 


C3 — C2 — Hz A 


iinn 

119.9 


CI — C2 — H2A 


iinn 

119.9 


PT ") P* A 

C2 — C3 — C4 


1 1 n m /1 i\ 

119.91 (11) 


p P O TT1 A 

C2 — C3 — H3A 


1 OA A 

120.0 


p ,j /^c) TT") A 

C4 — C3 — H3A 


1 A A 

120.0 


C ' ~) A P C 

C3 — C4 — C5 


HA /I O /I 1\ 

120.43 (12) 


Cj — C4 — H4A 


1 1 A n 

119.0 


C5 — C4 — H4A 


1 1 A O 

119.8 


Co — C5 — C4 


1 1 a at /1 i\ 

119.92 (11) 


C • / PC TIf A 

Co — C5 — H5A 


1 OA A 

120.0 


C • ,\ PC TTC A 

C4 — C5 — H5A 


1 OA A 

120.0 


/-if p / / i i 

C5 — C6 — CI 


1 1 n 1 / 1 a \ 

119.36 (10) 


r~\ r /- ■'/" p^7 

C5 — C6 — C7 


1 n n /n\ 

123.23 (9) 


P 1 P /_ p -7 

CI — Co — C7 


1 n /i a /a\ 

117.40 (9) 


"KT1 P "7 p /_ 

N 1 — C7 — Co 


11/1 /lO /o\ 

114.42 (8) 


xti pt in a 

N 1 — C7 — H7A 


1 AO T 

108.7 


Co — C7 — H7A 


108.7 


xti pt inn 

N 1 — C7 — H7B 


1 AO T 

108.7 


c • / r~^H inn 

Co — C7 — H7B 


1 ao t 

108.7 


TT*7 A P "7 Tnn 

H7A — C7 — H7B 


107.6 


N2 — C8 — Nl 


1 A") in /n\ 

103.79 (9) 


PO C 1 

N2 — C8 — si 


1 OA A 1 ZO\ 

129.01 (8) 


Nl — Co — SI 


127.19 (8) 


N3 — C9 — Nl 


1 AA A ") /n\ 

109.93 (9) 


\n PA f " 1 A 

N3 — C9 — CIO 


122.14 (9) 


xt 1 pa n a 

Nl — C9 — CIO 


1 OA ZO\ 

127.80 (8) 


C9 — CIO — Cll 


1 AO OT ZO\ 

lUe.s / (a) 


pn pi 1 (\ p 1 0 

C9 — CIO — CI 8 


1 AA T T ZO\ 

109.22 (8) 


p 1 1 pi -1 /~l S 1 1 0 

Cll — CIO — C18 


1 AO A") /1 A\ 

108.93 (10) 


p i \ p 1 i\ p | rj 

C9 — CIO — C17 


1 1 T -7-7 /o\ 

112.77 (8) 


r<i 1 pi a pit 

Cll — CIO — C17 


1 AT jCA /n\ 

107.69 (9) 


r * 1 0 /"I 1 A z' 1 1 ^ 

C18 — CIO — C17 


1 AA O /A\ 

109.28 (9) 


C12— Cll— CIO 


110.21 (10) 


C12— Cll— H11A 


109.6 


pi a ri 1 1 1 1 1 a 
CIO — Cll — HI 1A 


1 Afl jC 
109.6 


/-I 1 ^ fll 1 TT1 1 T) 

Clz — Cll — HUB 


1 AA 

109.6 


PI A pi 1 TT1 1 T) 

CIO — Cll — HUB 


1 AA 

109.6 


TT11A PI 1 JT1 in 

H11A — Cll — HUB 


1 AO 1 

108.1 


PO XTT XT") PP\ 

C8 — N2 — N3 — C9 


1.25 (13) 


t~*c n r~"^> 

Co — C 1 — Cz — C3 


A A£ / 1 A\ 

U.U6 (19) 


CI— C2— C3— C4 


0.0 (2) 


C2— C3— C4— C5 


-0.4 (2) 


C3— C4— C5— C6 


0.7 (2) 


C4— C5— C6— CI 


-0.56(17) 


C4— C5— C6— C7 


179.01 (11) 



p 1 ^ p 1 1 t t 1 0 n 

C12 — C13 — H13B 


109.9 


/-"I 1 /I /~1 1 ~> T T 1 1 I~*k 

C14 — C13 — H13B 


109.9 


T T 1 1 A PI 1"> T T 1 1 n 

HI 3 A — C13 — H13B 


108.3 


C15 — C14 — C18 


1 AA OO 

109.88 (12) 


P 1 C P 1 A P 1 O 

C15 — C14 — C13 


1 A A •"> O / 1 T \ 

109.38 (12) 


CI 8 — C14 — C13 


1AA 1 i~l 

109.37 (13) 


Cl5 — C14 — H14A 


109.4 


CI 8 — C14 — H14A 


109.4 


P 1 O P 1/1 T T 1 /I A 

C13 — C14 — H14A 


109.4 


C16 — C15 — C14 


1 AA A A /I 1\ 

109.44 (11) 


PI/' P1C ill f A 

Cl6 — C15 — H15A 


1 AA O 

109.8 


P 1 A P 1 C T T 1 C A 

C14 — C15 — H15A 


109.8 


p 1 /" P1C Til f n 

Clo — C15 — H15B 


1 AA O 

109.8 


Cl4 — C15 — H15B 


109.8 


T T 1 C A ' 1 c T T 1 r/T» 

H15A — Cl5 — H15B 


108.2 


C19 — C16 — C15 


1AAA/I 

109.94 (11) 


P 1 A P 1 Z' P 1 1 

C19 — C16 — C17 


1 AA A/" / 1 1 \ 

109.96 (11) 


C15 — C16 — C17 


1 AA 1 / 1 A\ 

109.53 (10) 


1 A 1 s TT1 / A 

Cl9 — Cl6 — H16A 


109.1 


P 1 C P 1 /" T T 1 /" A 

C 1 5 — C 1 6 — H 1 6A 


109.1 


P1T f ' 1 /" TT1 /" A 

Cl7 — C16 — H16A 


1 AA 1 

109.1 


C16 — C17 — C10 


1 AA 0 /A\ 

109.85 (9) 


Cl6 — Cl7 — H17A 


109.7 


P 1 A P 1 T in n a 

CIO — Cl7 — H17A 


109.7 


/-•< 1 /■ pit 1 1 1 t n 

C16 — C17 — H17B 


1 AA H 

109.7 


C10 — C17 — H17B 


109.7 


T T 1 1 A 1 1 in ^7T~\ 

H17A — Cl7 — H17B 


108.2 


P 1 /I P 1 O P 1 A 

Cl4 — C18 — CIO 


1 AA O 1 / A \ 

109.81 (9) 


p 1 A P10 TT10A 

C14 — Clo — HloA 


1 aa n 

109.7 


CIO — CI 8 — H18A 


109.7 


1 /I /"I 10 T T 1 OT* 

Cl4 — Cl8 — H18B 


109.7 


pia P10 t t 1 on 

C10 — CI 8 — H18B 


1 AA T 

109.7 


TT10A P10 TT1 On 

H18A — C18 — H18B 


1 AO T 

108.2 


Cl2— Cl9— Cl6 


109.24 (10) 


P 1 T P 1 A T T 1 A A 

C12 — C19 — H19A 


109.8 


C16— C19— H19A 


109.8 


pn pia TTi nn 

C12 — C19 — H19B 


1 AA O 

109.8 


p 1 f p 1 n t t 1 nn 

C16 — C19 — H19B 


109.8 


t t 1 n a p 1 n t t 1 nn 

H19A — C19 — H19B 


108.3 


N3 — C9 — C 1 0 — C 1 7 


-132.65 (10 


XT 1 /~"A /"HI /~" 1 T 

Nl — C9 — C10 — C17 


Z 1 AzT / 1 

51.96 (13) 


C9— C10— Cll— C12 


177.91 (10) 


C18— C10— Cll— C12 


58.90 (14) 


C17— C10— Cll— C12 


-59.52 (13) 


C10— Cll— C12— C19 


60.43 (15) 


C10— Cll— C12— C13 


-59.83 (15) 
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supporting information 



p ~\ 

C2- 


P 1 p /" p C 

—CI — Co — C5 


0.21 (16) 


Pin p i ~> a 

C 1 9 — C 1 2 — C 1 3 — C 1 4 


£1 A n / 1 c\ 

— 60. lz (15) 


P n 


p i P /l /-in 

—CI — Co — C7 


1 *7n o a / 1 a\ 

—179.39 (10) 


p 1 1 fin p 1 /i 

Cll — C12 — C13 — C14 


/A T) { 1 c\ 

60.33 (15) 


C8- 


TVT1 /^T i~<^ 

— Nl — C7 — Co 


nr AO / 1 1 \ 

85.08 (11) 


pn /-i i /i p i c 

Clz — CI 3 — C 14 — C 1 5 


C A /I O / 1 C\ 

59.48 (15) 


C9- 


tvti t~*n r°*t: 

— Nl — C7 — Co 


-95.63 (12) 


/nil fin P 1 /I p 1 o 

C 1 2 — C 1 3 — C 1 4 — C 1 8 


-60.91 (15) 


C5- 


/" i /_ PT XT1 

—Co — C7 — N 1 


A ") O { 1 A \ 

4.38 (14) 


C 1 8 — C 14 — C 1 5 — C 1 6 


60.57 (16) 


p i 

CI- 


/ < / /~1'7 XT1 

—Co — C7 — N 1 


-176.04 (9) 


P 1 1 P 1 >1 P 1 C P 1 /" 

CI 3 — C14 — CI 5 — C16 


-59.51 (15) 


XT') 

N3- 


~\T~i /"<0 XT1 

— N2 — C8 — Nl 


1 I 1 / 1 1\ 

—1.21 (12) 


P 1 /I PIC P 1 / pi A 

C14 — C15 — Clo — C19 


jCA io /1 a\ 

60.18 (14) 


XT') 

N3- 


XT'") /"<0 C 1 

— N2 — C8 — SI 


1 to 1 a /o\ 

178.19 (8) 


p i a pic c ' i /. pn 

C14 — CI 5 — Clo — C17 


/^A 7f { 1 /I \ 

-60.75 (14) 


C9- 


XT1 O XTO 

— JN 1 — C o — JN 2 


A *7A / 1 1 \ 
0. /0 (11) 


pin pi/: pn pin 
C 1 9 — C 1 o — C 1 / — C 1 0 


—60.82 (13) 


P "7 

C7- 


XT1 O XT^ 

— Nl — Co — N2 


1 *7A O "7 /A\ 

—179.87 (9) 


pi f p t / f \ H P1A 

CI 5 — C16 — C17 — C10 


60.09 (13) 


C9- 


XT 1 O C 1 

— Nl — Co — SI 


1 *70 "71 (H\ 

-178.72 (7) 


C9 — C 1 0 — C 1 7 — C 1 6 


179.74 (9) 


p "7 

C7- 


XT1 rio c 1 

— N 1 — Co — M 


A T 1 / 1 /I \ 

0.71 (14) 


pi i pia pn p i /i 

C 1 1 — C 1 (J — C 1 7 — C 1 6 


CA/T1 /n\ 

59.61 (12) 


Nz- 


XT') /~<n XT 1 

— JN3 — C9 — N 1 


A HA /1 1 ^ 

— 0. /4 (11) 


p i o p i n pn p i /, 

C 1 8 — C 1 0 — C 1 / — C 1 o 


CO CO /1 o\ 

—58.58 (12) 


N2- 


XT') /^n n a 

— N 3 — C9 — C 1 0 


1 1£ 0£ /A\ 

-176.86 (9) 


pi f P1/1 p 1 O P1A 

C15 — C14 — C18 — C10 


CA /I 1 /1 C\ 

-59.41 (15) 


C8- 


XT1 PA XT') 

— Nl — C9 — N3 


A A A i 1 1 \ 

0.04 (11) 


P 1 ") P 1 A P 1 O P 1 A 

C13 — C14 — CI 8 — C10 


/"A ~7 /1 /1\ 

60.67 (14) 


L7- 


XT1 /~*C\ XT') 

— Nl — C9 — N3 


1 in Ti / 1 a\ 

-179.32 (10) 


pn pi a pio p i /i 

C9 — C 1 0 — C 1 8 — C 1 4 


1 "70 A /I / 1 A\ 

—178.04 (10) 


Co- 


— N 1 — cy — C 1 U 


l /5.00 (y) 


C 1 1 — 1 U — C 1 0 — C 1 4 


— Jy. Zd (14) 


C7- 


-Nl— C9— CIO 


-3.48 (16) 


C17— C10— C18— C14 


58.16(13) 


N3- 


-C9— CIO— Cll 


-13.20(14) 


C13— C12— C19— C16 


60.51 (14) 


Nl- 


-C9— CIO— Cll 


171.41 (10) 


Cll— C12— C19— C16 


-59.68 (15) 


N3- 


-C9— CIO— CI 8 


105.64(11) 


C15— C16— C19— C12 


-60.60 (14) 


Nl- 


-C9— CIO— C18 


-69.75 (12) 


C17— C16— C19— C12 


60.06(14) 



Hydrogen-bond geometry (A, °) 

Cgl is the centroid of the N1-N3/C8/C9 triazole ring. 



D—U-A 


D — H 


H-A 


D-A 


D— H-A 


N2— H17V2-S1 1 


0.85 (2) 


2.44 (2) 


3.2753 (11) 


169.1 (18) 


C19— HI 9B-Cgl 11 


0.97 


2.85 


3.7885 (17) 


141 



Symmetry codes: (i) -x+2, -y+ 1 , -z+ 1 ; (ii) x-l,y, z. 
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